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LIQUID CRYSTAL DISPLAY DEVICE 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a liquid crystal 
display device with a metal reflective film and, more 
particularly, to a structure in which, when a liquid crystal 
display device is manufactured by sealing a liquid crystal 
injection hole after a liquid crystal is injected between 
substrates, an operation of sealing the injection hole can 
be reliably performed. 

2. Description of the Related Art 

As shown in FIG. 7 as a conventional configuration of a 
liquid crystal display device, a liquid crystal display 
device 3 obtained by sealing a liquid crystal between a pair 
of substrates 1 and 2 is known. In the exemplified liquid 
crystal display device 3, a sealing material 4 consisting of 
a resin and annular ly arranged along the peripheral portions 
of the substrates 1 and 2 is interposed between the 
substrates 1 and 2, and a liquid crystal is sealed in a 
space surrounded by the sealing material 4 and the 
substrates 1 and 2 . 

Projection portions 5 obtained by partially projecting 
the sealing material 4 on the center side of one end face of 
the substrates 1 and 2 (on the center side of the right end 
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face in FIG. 7) toward the end face side of the substrates 1 
and 2 are formed to be spaced apart from each other. These 
projection portions 5 are caused to reach the end faces of 
the substrates 1 and 2 to form a liquid crystal injection 
portion 6. A resin is filled in the liquid crystal 
injection portion 6 to form a sealed portion 7, and the 
liquid crystal injection portion 6 is stopped up. 

When the liquid crystal display device 3 shown in FIG. 
7 is of a reflection type, as shown in FIG. 8, a reflective 
layer 8 is formed on the rear surface side of the substrate 
2. 

When operations of injecting a liquid crystal and 
sealing the liquid crystal are performed to the reflection 
type liquid crystal display device 3, the operations are 
performed by, e.g., the procedures described below. 

Pairs of substrates 1 and 2, as shown in FIG. 9, 
obtained in a state in which no liquid crystal is injected 
and before a sealed portion 7 is formed (i.e., the 
substrates 1 and 2 in which the injection portion 6 of the 
sealing material 4 is open) and a vessel 11 in which a 
liquid crystal 10 is saved are prepared separately from each 
other . 

The pairs of substrates 1 and 2 are made upside down 
and kept above the vessel 11. This structure as a whole is 
put in a vacuum atmosphere such as an evacuated furnace. 
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The pairs of substrates 1 and 2 are moved downward to dip 
the peripheral portions of the liquid crystal injection 
portions 6 of the substrates 1 and 2 into the liquid crystal 
10. In this case, since a gap between each pair of 
substrates 1 and 2 is very small, the liquid crystal 10 can 
be slightly drawn into the gap between the substrates 1 and 
2 from the liquid crystal injection portion 6 by capillary 
phenomenon . 

Upon completion of this operation, when the atmosphere 
around the vessel 11 and the pairs of substrates 1 and 2 is 
returned from the vacuum atmosphere to the atmospheric 
atmosphere, the liquid crystal 10 can be drawn into the 
entire gap between the substrates 1 and 2 by using a 
pressure difference between the pressure in the vacuum state 
between the substrates 1 and 2 and the atmospheric pressure 
outside the substrates 1 and 2. 

Upon completion of the liquid crystal drawing operation 
into the gaps between the pairs of substrates 1 and 2, 
operations of stopping up and sealing the liquid crystal 
injection portions 6 are performed. 

The operations are performed as follows. That is, as 
shown in FIG. 10 of a prior art, the pairs of substrates 1 
and 2 subjected to the liquid crystal drawing operation are 
uprightly arrayed such that the liquid crystal injection 
portions 6 face the upper side. The distal end of a resin 
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injection nozzle 12 is sequentially positioned at the 
openings of the liquid crystal injection portions 6 
illuminated with a lighting tool 13, and a resin is injected 
from the distal end of the resin injection nozzle 12. A 
resin sticking out of each of the injection portions 6 is 
wiped off, and the resin of the injection portion 6 is 
solidified to form the sealed portion 7 . 

However, since the operation of injecting the resin 
into the liquid crystal injection portion 6 of each pair of 
substrates 1 and 2 by using the resin injection nozzle 12 is 
an important operation which may cause a liquid crystal to 
leak when erroneous injection such as offsetting of an 
injection position, the operation must be strictly performed. 
However, when the liquid crystal injection portion 6 is 
illuminated with the lighting tool 13, a problem that the 
position of the liquid crystal injection portion 6 cannot be 
easily detected is posed. 

This problem is caused by the following reason. That 
is, when the substrates 1 and 2 are used in a reflection 
type liquid crystal display device, the reflective films 8 
are formed on the entire surfaces of the rear surface sides 
of the substrates 2. As a result, the liquid crystal 
injection portion 6 of another pair of substrates 1 and 2 
located on the behind side of the substrate 2 in a state in 
which the pairs of substrates 1 and 2 are arrayed as shown 



in FIG. 10 is arranged to shield the liquid crystal 
injection portion 6 with the reflective layer 8 of the 
substrate 2 on the front side. For this reason, an operator 
cannot easily recognize a precise position of the liquid 
crystal injection portion 6. Position check is to be 
performed by an image analyzer such as a television camera, 
all the positions of the liquid crystal injection portions 6 
of the pairs of substrates 1 and 2 in an array state cannot 
be checked from the outside because each reflective layer 8 
on the front side shields each liquid crystal injection 
portion 6 on the rear side. In addition, even if injection 
positions can be precisely recognized, filing of a resin may 
not be satisfactorily performed depending on an injection 
state of the resin. An amount of injection is so excessive 
that the resin sticking out of the liquid crystal injection 
portion 6 may be excessively adhered to the peripheral 
portion of the liquid crystal injection portion 6. 

Uneven injection may be caused when a liquid crystal is 
injected into the pairs of substrates 1 and 2 as shown in 
FIG. 9. In a vacuum atmosphere, it is difficult to 
completely recognize and check whether the liquid crystal is 
filled into the pairs of substrates 1 and 2. For this 
reason, at present, whether the liquid crystal injection 
process is completed is recognized by a time parameter of a 
pressure-reduction time when a vacuum atmosphere is made, 
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and when a predetermined period of time has elapsed, 
completion of the injection is determined. However, if 
defective liquid crystal injection occurs for some reason, 
substrates 1 and 2 in which the defective liquid crystal 
injection occurs cannot be detected in the resin sealing 
process shown in FIG. 10. Therefore, the substrates 1 and 2 
in which the defective liquid crystal injection are sealed, 

□ and a defective product may be manufactured 

UJ disadvantageously . 

3 SUMMARY OF THE INVENTION 

The present invention has been made in consideration of 
S the above circumstances, and has as its object to provide a 

;^ liquid crystal display device which, when a liquid crystal 

0 injection portion is sealed and stopped up with a resin 

after a liquid crystal injection operation, makes it 
possible to easily and precisely perform the operation and 
makes it possible to easily detect defective liquid crystal 
injection. 

In order to solve the above problems, the present 
invention provides a liquid crystal display device 
comprising one substrate on which a metal reflective film is 
formed, the other substrate arranged opposite to the 
substrate, a sealing material, interposed between the pair 
of substrates, for surrounding, together with the substrates, 



a liquid crystal injection space formed between the 
substrates, and a liquid crystal sealed into the liquid 
crystal injection space, characterized in that a liquid 
crystal injection portion is formed on the sealing material, 
a plurality of display electrodes are formed on a substrate 
surface in a region in which the liquid crystal is sealed, 
and, on one of the substrates, outside the display electrode 
forming region, an unformed region of the metal reflective 
film is formed on a portion including the injection portion 
of the sealing material. 

Since the unformed region of the reflective film is 
formed on the portion including the injection portion of the 
sealing material, the position of the injection portion can 
be easily and reliably checked without being disturbed by 
the reflective film from the outside of the rear side of the 
reflective film. Therefore, when operations of uprightly 
arraying the plurality of substrates 1 and 2, sequentially 
injecting a resin into a plurality of injection portions, 
and stopping up the injection portions are performed, the 
positions of the injection portions can be checked without 
being disturbed by the reflective films of the other 
adjacent substrates. Therefore, since the positions of the 
injection portions can be precisely checked by the region 
injection portions, an operation of stopping up the 
injection portions can be reliably performed. In addition, 



even if defective injection of a liquid crystal occurs, 
substrates in which the detective injection occurs can be 
easily detected. For this reason, a fraction defective can 
be reduced. 

The metal reflective film may employ either one of a 
structure in which the metal reflective film is additionally 
formed on one substrate as an independent film and a 
structure in which the metal reflective film is incorporated 
in the substrate to be integrated. The sealing material 
consists of a resin, and is formed on the opposite surface 
sides of the substrates by a method such as printing. The 
unformed region of the metal reflective film can be formed 
at an arbitrary position by the following manner. That is, 
the metal reflective film is formed by a film forming method 
after a resist is formed on a substrate, and the resist is 
peeled from the substrate. 

The present invention provides a liquid crystal display 
device characterized in that, on one substrate, on which a 
metal reflective film is formed, of a pair of substrates 
which hold a liquid crystal therebetween, drawn electrodes 
of the display electrodes are formed at the edges of the 
substrates outside a region in which a plurality of display 
electrodes are formed on substrate surfaces in a region 
which holds the liquid crystal therebetween, and an unformed 
portion of the metal reflective film is formed in the drawn 
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electrode forming region. 

When the unformed portion of the metal reflective film 
is formed in the region in which the drawn electrodes are 
formed, the drawn electrodes can be easily and reliably 
formed without being disturbed by the metal reflective film, 
and the terminals of a drive IC or the like can be easily 
and reliably connected. In addition, since the positions of 
terminal connection portions can be checked without being 
disturbed by the metal reflective film, connection of the 
terminal connection portions can be easily checked without 
being shielded by the reflective film. 

The present invention further provides a liquid crystal 
display device comprising one substrate on which a metal 
reflective film is formed, the other substrate arranged 
opposite to the substrate, a sealing material, interposed 
between the pair of substrates, for surrounding, together 
with the substrates, a liquid crystal injection space formed 
between the substrates, and a liquid crystal sealed in the 
liquid crystal injection space, characterized in that a 
liquid crystal injection portion is formed on the sealing 
material, a plurality of display electrodes are formed on a 
substrate surface in a region in which the liquid crystal is 
sealed, a first drawn electrode for a display electrode for 
one of the substrates and a second drawn electrode for a 
display electrode of the other of the substrates are formed 



at the edge of one of the substrates, electrode connection 
means is arranged on the sealing means, the second drawn 
electrode and the display electrode of the other of the 
substrates are connected to each other by the electrode 
connection means, and an unformed portion of the metal 
reflective film is formed in a region in which the second 
drawn electrode and the display electrode of the other of 
the substrates are connected to each other on the sealing 
material. 

In the structure in which the second drawn electrode of 
one of the substrates is connected to the display electrode 
of the other of the substrates through the electrode 
connection means of the sealing material, since no metal 
reflective film is formed on the connection portion between 
these electrodes, the drawn electrodes can be easily formed 
or connected, and the drawn electrode portion can be easily 
checked without being shielded by the metal reflective film. 

The liquid crystal display device may have a 
configuration characterized in that, on one of the 
substrates, outside the display electrode forming region, an 
unformed region of the metal reflective film is formed on a 
portion including the injection portion of the sealing 
material . 

Since the unformed region of the reflective film is 
formed on the portion including the injection portion of the 



sealing material, the position of the injection portion can 
be easily checked from the outside. Therefore, when 
operations of uprightly arraying a large number of 
substrates, sequentially injecting a resin into a large 
number of injection portions, and stopping up the injection 
portions is performed, the positions of the injection 
portions can be easily seen without being disturbed by the 
reflective films of the other adjacent substrates. For this 
reason, the operation of stopping up the injection portion 
by injection of a resin can be easily and reliably performed. 

The liquid crystal display device may have a 
configuration characterized in that, on one of the 
substrates, outside the display element forming region, an 
unformed portion of the metal reflective film is formed in 
the drawn electrode forming region. 

The electrode connection means arranged on the sealing 
material preferably consists of conductive particles added 
to the region constituting the sealing material. 

If a sealing material has a configuration in which 
conductive particles are diffused in a resin, when one 
substrate and the other substrate are brought into airtight 
contact with each other to sandwich the sealing material, an 
electrode formed on one substrate and an electrode formed on 
the other substrate are connected through the conductive 
particles of the sealing material. Of the conductive 
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particles of the sealing material, conductive particles 
sandwiched by the electrodes of a pair of substrates, i.e., 
conductive particles existing in the direction of the 
substrate thickness, are sandwiched by the electrodes of the 
pair of substrates to be in contact with these electrodes, 
so that these electrodes are electrically connected to each 
other. However, the conductive particles existing in the 
□ direction of the substrate surface are spaced apart from 

UJ each other. For this reason, electrodes adjacent to each 

W 

J5 other in the direction of the substrate surface are not 

J| short-circuited. Therefore, electrodes adjacent to each 

,. '" other on the same substrate are not short-circuited, and 

j5J only electrodes which are opposite to each other and must be 

connected to each other can be reliably connected to each 
*W other . 

In addition, since a structure having the metal 
reflective film is incorporated includes the structure in 
which the conductive particles diffused in the sealing 
material are sandwiched by the opposing substrates, when the 
conductive particles are pressed on both the substrates, the 
conductive particles may break through laminate films formed 
on portions of the sealing material which are in contact 
with the substrates. In this case, in a structure in which 
connection is made on a drawn electrode connection portion 
by the conductive particles in the sealing material, if a 
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metal reflective film exists on the connection portion, the 
conductive particles may reach the metal reflective film to 
short-circuit the drawn electrode to the metal reflective 
film. However, such a short circuit can be prevented from 
being made by forming the unformed region of the metal 
reflective film on the drawn electrode connection portion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side view showing a liquid crystal display 
device according to the first embodiment of the present 
invention; 

FIG. 2 is a side view showing a liquid crystal display 
device according to the second embodiment of the present 
invention; 

FIG. 3A is a sectional view of the liquid crystal 
display device according to the first embodiment of the 
present invention, and FIG. 3B is a sectional view showing a 
liquid crystal display device according to the third 
embodiment of the present invention; 

FIG. 4 is a side view showing a liquid crystal display 
device according to the fourth embodiment of the present 
invention; 

FIG. 5 includes partial enlarged sectional views of the 
liquid crystal display device according to the embodiment of 
FIG. 4, in which FIG. 5A is a sectional view showing a 
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conductive particle diffusion state in which conductive 
particles do not reach a resin layer, and FIG. 5B is a 
sectional view showing a conductive particle diffusion state 
in which conductive particles reach the resin layer; 

FIG. 6 includes a plan view and a sectional view 
showing electrode connection states in the structures shown 
in FIG. 5, in which FIG. 6A is a plan view showing an 
electrode connection state in the structure shown in FIG. 5A, 
and FIG. 6B is a partial enlarged sectional view showing a 
liquid crystal display device having a structure in which an 
unformed region of a metal reflective film is not formed; 

FIG. 7 is a perspective view showing a structure of a 
conventional liquid crystal display device; 

FIG. 8 is a side view of the liquid crystal display 
device shown in FIG. 7; 

FIG. 9 is a plan view showing a state in which liquid 
crystal injection is performed in the processes of 
manufacturing the conventional liquid crystal display device 
shown in FIG. 8; and 

FIG. 10 is a perspective view showing a state in which 
a resin is injected into a liquid crystal injection hole in 
the processes of manufacturing the conventional liquid 
crystal display device shown in FIGS. 7 and 8. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Embodiments of the present invention will be described 
below in detail. 

FIG. 1 shows the first embodiment obtained by applying 
the present invention to a simple matrix drive type liquid 
crystal display device. A liquid crystal display device A' 
shown in FIG. 1 is formed such that a pair of transparent 
rectangular substrates 20 and 21 are integrated with each 
other to interpose a sealing material 22 therebetween. 

In the configuration shown in FIG. 1, the substrate 20 
is generally called an upper substrate, and the substrate 21 
is generally called a lower substrate. As shown in FIG. 1, 
when the substrates 20 and 21 are made laterally upright 
such that the substrates 21 and 20 are arranged on the front 
and rear sides, respectively, the substrate 20 is taller 
than the substrate 21, and the substrate 21 has a lateral 
width larger than that of the substrate 20. The substrate 
20 and the substrate 21 are integrated with each other such 
that the bottom-side portion and the right-side portion are 
adjusted to each other, and a portion of the substrate 20 
upwardly sticking out of the substrate 21 is defined as a 
projection end portion 23, and a portion of the substrate 21 
sticking out of the substrate 20 on the left-side portion 
side is defined as a projection end portion 24. 

The sealing material 22 consisting of a resin is 
interposed between the substrate 20 and 21 such that the 
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sealing material 22 is sandwiched by the substrates 20 and 
21 along the corners of the overlapping portions of the 
substrates 20 and 21. The sealing material 22 is 
constituted by an annular portion 22a arranged in the form 
of an almost rectangularly annular shape along the 
peripheral portions of the overlapping portions of the 
substrates 20 and 21, extension portions 22b which are 
almost parallel drawn while the extension portions 22b are 
spaced apart from each other on the central portions of the 
substrates 20 and 21 on the right side toward the right 
sides of the substrates 20 and 21 to have a liquid crystal 
injection portion 2 6 formed on the right side of the 
substrates 20 and 21, and a sealed portion 22c formed by 
stopping up the injection portion 26. On the slightly inner 
side of the injection portion 26, a linear bank member 27 
consisting of a resin having a length almost equal to the 
width of the injection portion 26 is arranged almost 
parallel to the right side of the substrate 20 while the 
bank member 27 is sandwiched by the substrates 20 and 21. 

A large number of stripe-shaped display electrodes are 
parallel formed on the opposite surfaces of the substrates 
20 and 21 inside the sealing material 22, and the large 
number of display electrodes formed on the substrate 20 and 
the large number of display electrodes formed on the 
substrate 21 are opposite to each other at angles of 90° and 
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arranged in the form of a matrix. A rectangular electrode 
forming region 30 which is slightly smaller in area than the 
area of the annular sealing material 22 is formed inside the 
sealing material 22. 

On the surface of the projection end portion 23 of the 
substrate 20 on the substrate 21 side, drawn electrodes 23a 
drawn from the large number of display electrodes are formed 
in an array. On the surface of the projection end portion 
24 of the substrate 21 on the substrate 20 side, drawn 
electrodes 24a drawn from the large number of display 
electrodes are also formed in an array. These drawn 
electrodes 23a and 24a are used to attach a drive IC or the 
like of the liquid crystal display device thereto. 

More specifically, in addition to the electrode layers, 
overcoat layers and alignment films are stacked on the 
opposite surface sides of the substrates 20 and 21, a color 
filter is further arranged when a color display is performed. 
However, in the description of this embodiment, 
descriptions of these parts are omitted. 

On the almost entire surface of the substrate 21 (lower 
substrate) on the outer side, a metal reflective film 31 
consisting of deposited Al or the like. In the metal 
reflective film 31, an unformed region 31a of the metal 
reflective film is formed on a portion corresponding to the 
liquid crystal injection portion 26, and an unformed portion 



- 18 - 



31b of a metal reflective film is formed on a portion 
corresponding to the drawn electrode forming region of the 
substrate 21. 

The unformed region 31a of the metal reflective film 
has a shape obtained by forming a rectangular notched 
portion in the metal reflective film 31. The longitudinal 
width of the unformed region 31a (length parallel to the 
short side of the substrate 21 in FIG. 1) is made larger 
than the longitudinal width of the liquid crystal injection 
portion 26 and smaller than the longitudinal width of the 
substrate 20. The unformed region 31a is formed to have 
such a lateral width (length parallel to the long side of 
the substrate 21 in FIG. 1) that the unformed region 31a 
extends from the right side end (exit portion of the 
injection portion 26) of the substrates 20 and 21 to a 
position between the bank member 27 and the electrode 
forming region 30. 

On the other hand, the unformed portion 31b of the 
metal reflective film has a shape obtained by forming a 
rectangular notched portion in the metal reflective film 31. 

The longitudinal with of the unformed portion 31b (length 
parallel to the short side of the substrate 21 in FIG. 1) is 
made slightly larger than that of the forming region of the 
drawn electrodes 24a and equal to or smaller than the short 
side of the substrate 21. The unformed region 31a is formed 
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to have such a lateral width (length parallel to the long 
side of the substrate 21 in FIG. 1) that the unformed 
portion 31b extends from the left-side portion of the 
substrate 21 to a position before the electrode forming 
region 30 over the annular portion 22a. 

If the liquid crystal display device A* having the 
structure shown in FIG. 1 is used, the structure is 
preferable in the following case. In the processes of 
manufacturing the liquid crystal display device A* , the 
substrates 20 and 21 are adhered to each other through the 
sealing material 22, and an operation of injecting a liquid 
crystal from the liquid crystal injection portion 26 into a 
space surrounded by the substrates 20 and 21 and the sealing 
material 22 is performed, and the injection portion 26 is 
sealed with a resin. 

More specifically, as in the conventional case 
described with reference to FIG. 10, pairs of substrates 20 
and 21 are vertically arranged in an array, and a resin is 
sequentially injected into the liquid crystal injection 
portions 26 of the substrates 2 0 and 21 to form the sealed 
portions 22c, and the injection portions 26 are closed. In 
this case, the positions of the injection portions 26 can be 
easily checked from the outside because the unformed regions 
31a of the metal reflective films exist around the injection 
portions 26. Therefore, in either one of a case in which 



the plurality of injection portions 26 are visually checked 
and a case in which the plurality of injection portions 26 
are checked by an imaging device such as a television camera, 
it can be easily checked whether the injection portions 26 
can be reliably stopped up by the resin sealed portions 22c 
from the outside of the arrayed substrates 1 and 2. 

Since the bank member 27 is formed inside the liquid 
crystal injection portion 26, the injected resin is retained 
by the bank member 27, reliably spreads on the inside of the 
injection portion 26, and is filled in the injection portion 
26. For this reason, if the filing state is checked, it can 
be easily determined whether the injection portion 26 is 
completely sealed. The filling state of the injected resin 
can also be easily checked by a visual check or the like 
from the outside or by an image analyzer or the like because 
of the unformed region 31a. 

Since the unformed portion 31b of the metal reflective 
film formed on the end side of the substrate 21 conceals the 
drawn electrodes 24a of the display electrodes, when a drive 
IC or the like is connected to the drawn electrodes 24a, the 
connection portions between the IC and the drawn electrodes 
24a are not concealed from the rear surface side of the 
substrate 21. 

In addition, although defective liquid crystal 
injection may occur in the process of injecting a liquid 



crystal, before the injection portion 2 6 of the substrates 
20 and 21 having the defective liquid crystal injection is 
sealed, the injection portion 2 6 can be easily checked by a 
visual check or an image analyzer through the unformed 
region 31a. For this reason, a sealing operation is not 
performed to the substrates 20 and 21, and the substrates 20 
and 21 can be sealed after a liquid crystal injection 
operation is performed again. Therefore, the substrates 20 
and 21 in which defective liquid crystal injection occurs 
can be prevented from being sealed, and a defective product 
can be prevented from being manufactured. 

In order to form the metal reflective film 31 having 
the configuration described above on the rear surface side 
of the substrate 21, for example, resists are formed on 
portions corresponding to the unformed region 31a of the 
metal reflective film and the unformed portion 31b of the 
metal reflective film on the substrate 21, and Al is 
deposited. After an Al deposition film is formed, the 
resists are peeled and removed. In this manner, the metal 
reflective film 31, the unformed region 31a, and the 
unformed portion 31b can be formed at desired positions of 
the substrate 21. 

FIG. 2 shows the second embodiment obtained by applying 
the present invention to a simple matrix drive type liquid 
crystal display device. The same reference numerals as in 



the liquid crystal display device A ' shown in FIG. 1 denote 
the same components in a liquid crystal display device B' 
shown in FIG. 2, and a description thereof will be omitted. 

The liquid crystal display device B' shown in FIG. 2 
has a metal reflective film having a shape different from 
that in the liquid crystal display device A" shown in FIG. 1. 
A metal reflective film 41 in this embodiment is formed on 
the rear surface side of the substrate 21 as in the previous 
embodiment, in the metal reflective film 41 on the liquid 
crystal injection portion 26 side, in addition to the same 
region as the unformed region 31a of the previous embodiment, 
an unformed region 41a of the metal reflective film which 
occupies a region extending a position near the annular 
portion 22a of the sealing material 22 to the right end of 
the substrate 21 is formed. An unformed portion 41b of the 
metal reflective film corresponding to the almost entire 
area of the projection end portion 24 of the substrate 21 is 
formed on the left end side of the substrate 21. In this 
embodiment, the metal reflective film 41 is formed to cover 
a display electrode forming region 40 and the annular 
portion 22a of the sealing material formed around the 
display electrode forming region 40. However, in FIG. 2, 
both the peripheral portions of the metal reflective film 41 
on the bottom side and the upper side of the substrate 21 
are formed up to a slightly inside position of the outer 



edge portion of the substrate 21, and unformed regions 41c 
and 4 Id are also formed on the upper edge portion and the 
lower edge portion of the substrate 21. 

As in the structure shown in FIG. 2, since the unformed 
region 41a makes it possible to visually recognize a portion 
around the liquid crystal injection portion 26, just like 
the previous embodiment, when operations of vertically 
arranging pairs of substrates 20 and 21 in an array, 
sequentially injecting a resin into the liquid crystal 
injection portions 26 of the substrates 20 and 21, forming 
the sealed portions 22c, and stopping up the injection 
portions 2 6 are performed, the positions of the injection 
portions 26 can be easily checked. Therefore, when the 
injection portions 26 are visually checked or checked by an 
imaging device such as a television camera, in any cases, it 
can be easily checked whether the injection portions 26 can 
be reliably stopped up by the resin sealed portion 22c. 

Since the unformed region 41a of this embodiment has a 
width larger than that of the unformed region 31a of the 
first embodiment, the second embodiment has the following 
characteristic feature. That is, when the plurality of 
injection portions 26 are checked from the outside while the 
plurality of substrates are uprightly arrayed as in the case 
shown in FIG. 10, the resin injection states of the 
injection portions 26 can be easily checked from a range 
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wider than that of the structure of the first embodiment. 

FIG. 3 is used to explain a forming position of a metal 
reflective film. In either one of the liquid crystal 
display device A' of the first embodiment described above 
and the liquid crystal display device B' of the second 
embodiment, the metal reflective film 31 or the metal 
reflective film 41 is formed on the rear surface side of the 
substrate 21. However, such a structure has a sectional 
structure as shown in FIG. 3A. 

In contrast to this, as a structure in which a metal 
reflective film is formed on the surface of the substrate 21 
on the liquid crystal side as shown in FIG. 3B, the metal 
reflective film 51 is formed to have one of the planar 
shapes shown in FIG. 1 and FIG. 2, so that a liquid crystal 
display device C can also be constituted. 

The liquid crystal display device C according to the 
third embodiment having the above structure is structured 
such that the metal reflective film 51 is incorporated in 
the substrate. For this reason, when electrodes, an 
overcoat layer, a color filter layer, and the like are 
formed on the metal reflective film 51 incorporated in the 
substrate 21 described above, the liquid crystal display 
device C shown in FIG. 3B can be constituted. 

In the structure shown in FIG. 3A, respective layers 
such as electrode layers, color filter layers, and alignment 
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layers stacked on the opposite surface sides of the 
substrates 20 and 21 are omitted. In the structure shown in 
FIG. 3B, respectively layers such as electrode layers, color 
filter layers, and alignment layers stacked on the metal 
reflective film 51 and the opposite surface side of the 
substrate 20 are omitted. 

FIG. 4 to FIG. 6 show the fourth embodiment obtained by 
applying the present invention to a simple matrix drive type 
liquid crystal display device. The same reference numerals 
as in the liquid crystal display device A' shown in FIG. 1 
denote the same components in a liquid crystal display 
device D shown in FIG. 4 to FIG. 6, and a description 
thereof will be omitted. 

The liquid crystal display device D of this embodiment 
has one characteristic feature described below. That is, 
drawn terminals 23a' connected to display electrodes formed 
on the substrate 20 are formed on the projection end portion 
24 of the substrate 21, not formed on the projection end 
portion 23 side of the substrate 20. In this case, first 
drawn electrodes (drawn terminals) 24a' for the display 
electrodes of the substrate 21 are formed in an array on the 
projection end portion 24 of the substrate 21. However, on 
an end side of the low on which the first drawn electrodes 
24a' are formed, for example, on the side near the 
projection end portion 23 of the substrate 20 on the 
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projection end portion 24 of the substrate 21, the plurality 
of second drawn terminals 23a' (drawn terminals) are formed 
in an array. 

On the right end side of a metal reflective film 61 
formed on the rear surface side of the substrate 21 of this 
embodiment, an unformed region 61a having the same shape as 
that of the unformed region 41a of the second embodiment 
described above is formed. The unformed region 61a is 
formed such that, due to the existence of the unformed 
region 61a, the liquid crystal injection portion 26 and a 
portion therearound can be seen from the rear surface side 
of the substrate 21, and the entire area of the right end 
side of the substrate 21 can be easily visually checked from 
the rear surface side of the substrate 21. On the left end 
side of the metal reflective film 61, an unformed portion 
61b corresponding to an almost entire area of the projection 
end portion 24 of the substrate 21 and also corresponding to 
the portion inside the forming region of the second drawn 
terminals 23a' is formed. The unformed portion 61b is 
formed such that the entire area of the projection end 
portion 24 and the inside portion of the second drawn 
terminals 23a* can be easily visually checked from the rear 
surface side of the substrate 21. The inside portion of the 
second drawn terminals 23a' of means a portion around the 
annular portion 22a of the sealing material 22 located 
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inside the second drawn terminals 23a' . An extension 
portion 61c of the unformed portion 61b is formed to 
correspond to the inside portion. 

The structure of connection portions between the 
display electrodes of the substrate 20 and the second drawn 
terminals 23a 1 will be described below on the basis of a 
liquid crystal display device D ' , in which the metal 
reflective film 61 is incorporated, according to the 
embodiment shown in FIG. 5A. 

In the structure of this embodiment, as shown in FIG. 
5A, an insulating layer 65, a resin layer 66, and a resin 
layer 67 are stacked on the substrate 21, and the metal 
reflective film 61 is incorporated in a portion 
corresponding to a display region on the center portion side 
of the resin layer 67, and color filters 68 are formed in 
the display region of the resin layer 67. A flat film 69 
which consists of a resin and covers the color filters 68 
and the resin layer 67 is formed, stripe-shaped electrodes 
7 0 are formed on the flat film 69 on the color filters 68, 
and an alignment film 71 is formed to cover the 
stripe-shaped electrodes 7 0 in the display region. An 
insulating layer 73 is formed on the lower surface side of 
the substrate 20, stripe-shaped electrodes 74 are formed on 
the lower surface side of the insulating layer 73 in a 
direction vertical to the electrodes 70 on the substrate 21 



side, and an insulating film 72 and the alignment film 71 
are stacked to cover the electrodes 74 in the display region. 
The stripe-shaped electrodes 74 are formed such that the 
ends of the stripe-shaped electrodes 7 4 are extended to 
reach the sealing material 22, and a large number of drawn 
terminals 23a' are formed on the flat film 69 on the 
substrate 21 side such that the drawn electrodes 23a' direct 
from the position of the sealing material 22 toward the 
outside and extends to the outside parallel to the 
electrodes 74 on the substrate 20 side. A large number of 
conductive particles 75 are diffused into the sealing 
material 22, and the electrodes 74 are connected to the 
drawn terminals 23a" through the conductive particles 75. 

When a proper number of conductive particles 75 
constituting the sealing material 22 and having appropriate 
particle sizes are diffused into the region constituting the 
sealing material 22, as shown in FIG. 5A or FIG. 6A, the 
electrodes 7 4 are electrically connected to the drawn 
terminals 23a* in the thickness direction of the sealing 
material 22, and adjacent electrodes 74 are prevented from 
being short-circuited in the surface direction. 

As the conductive particles 75 in the above 
configuration, particles obtained by forming conductive 
films consisting of Au or Cu on the outer surfaces of resin 
micro balls can be used. When resin micro balls cannot be 
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directly Au-plated or Cu-plated, the micro balls may be 
plated with another conductive material such as Ni in 
advance by a method such as electroless plating and 
Au-plated, and the resultant micro balls may be Au-plated. 

When the connection structure described on the basis of 
FIG. 5A and FIG. 6A is employed, the structure of the liquid 
crystal display device D having the structure shown in FIG. 
4 can be realized. When the structure of this embodiment is 
used, the drawn electrodes 23a" and 24a' can be arranged on 
only the end side of the substrate 21. For this reason, a 
drive IC or the like is to be connected, a connection 
operation may be performed to only one substrate 21. 
Therefore, an operation of attaching a drive IC in this 
structure is easier than that in a structure in which a 
drive IC must be attached to both the substrates 20 and 21. 

In the structure shown in FIG. 5A and 6A, the shape of 
the metal reflective film 61 has basically the same 
structure as that shown in FIG. 4. Therefore, the unformed 
region 61c of the metal reflective film 61 is formed on a 
position where the second drawn terminals 23a' are arranged. 
However, when the unformed region 61c is formed, the 
following advantages can be achieved. 

In this embodiment, the electrodes 74 on the substrate 
20 side and the drawn terminals 23a' on the substrate 21 
side are connected to each other by the conductive particles 
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75 diffused in the sealing material 22. However, in order 
to arrange the conductive particles 75 in the sealing 
material 22 to connect the stripe-shaped electrodes 74 to 
the drawn terminals 23a', after the sealing material 22 is 
coated on a substrate, an operation of pressing the 
substrates 20 and 21 on each other in a closing direction to 
join the substrates 2 0 and 21 to each other must be 
performed. 

In the joining operation, the conductive particles 75 
are brought into reliable contact with the electrodes 74 and 
the drawn terminals 23a' to reliably render the conductive 
particles 75, the electrodes 74, and the drawn terminals 
23a* conductive. In this case, the conductive particles 75 
are pressed on both the substrates 20 and 21 with strong 
force on a portion where the conductive particles 75 exist 
at a high concentration depending on the diffusion state of 
the conductive particles 75. As a result, the conductive 
particles 75 may press and break through the drawn terminals 
23a', the flat film 67, and the resin layer 69 on the 
substrate 21 to reach the resin layer 66 as shown in FIG. 5B. 

In this case, when a structure in which the unformed 
region 61c of the metal reflective film 61 is formed as in 
this embodiment is used, as shown in FIG. 5B, if the 
conductive particles 75 press and break through the drawn 
terminals 23a', the flat film 67, and the resin layer 69 to 



reach the resin layer 66, a problem such as a short circuit 
is not posed. In contrast to this, if a structure in which 
the unformed region 61c is formed in the metal reflective 
film 61 is used, electrodes may be short-circuited. 

When the conductive particles 75 reach the metal 
reflective film 61 in the structure in which the unformed 
region 61c is not formed as shown in FIG. 6B, the metal 
reflective film 61 is short-circuited to the drawn terminals 
23a". The structure is not preferable. When the unformed 
region 61c is formed in the metal reflective film 61 as 
described above, the metal reflective film 61 and the drawn 
terminals 23a* can be advantageously prevented from being 
short-circuited to each other. 

Example 

As conductive particles, micropearls (tradename: 
Micropearl Au available from Sekisui Fine Chemical Co., 
Ltd. ) obtained by performing conductive plating to plastic 
particles were applied. 

A mixture of 100 weight parts of sealing resin 
(thermosetting epoxy resin), 1.5 weight parts of glass fiber 
spacer (6.5 pm§) , and 2 weight parts of Au-plated micropearl 
(tradename: XN-5A6.75 pm.§ available from Mitsui Toatsu 
Chemicals, Inc.) was used as a sealing resin to constitute a 
sealing material. In-cell-dif fusion micropearls (6.38 jjm<j>) 
diffused between the substrates 20 and 21 to uniform 
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intervals between the substrates 20 and 21 were used at a 
rate of 120 particles /mm 2 , and a liquid crystal display 
device having the sectional structure shown in FIGS. 5A and 
5B was assembled. As a result, the concentration of the 
Au-plated micropearl in the sealing material could be made 
400±150 particles /mm 2 . 

In the substrate connection structure of the liquid 
crystal display device using the sealing material having the 
concentration and the structure described above, of 
electrodes formed on a pair of substrates, each having a 
drawn electrode with of 4 0 pm, arranged at drawn electrode 
intervals of 30 jim, adjacent electrodes in the substrate 
surface direction were not short circuits, and the 
electrodes of both the substrates which were opposite to 
each other in the thickness direction of the sealing 
material could be electrically connected to each other 
through the sealing material. 

As the metal reflective film, an Al diffusion film 
formed on the rear surface side of the substrate was used. 
The unformed region and the unformed portion of the Al 
deposition film could be obtained by the following manner. 
That is, resists were formed on positions corresponding to 
the unformed region and the unformed portion on the 
substrate, Al was deposited, and the resists were peeled and 
removed after an Al deposition film was formed. 
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When, as the unformed region of the reflective film 
having the structure shown in FIG. 4, a recessed portion 
surrounding the injection portion 26 and having a vertical 
width of 1 mm and a lateral width of 12 mm was formed, even 
if ten pairs of liquid crystal display devices were 
uprightly arrayed, existence of the injection portions could 
be easily visually checked from the outside. 

As has been described above, according to the present 
invention, since the unformed region of the metal reflective 
film is formed on a portion including the injection portion 
of the sealing material outside the display electrode 
forming region, the position of the liquid crystal injection 
portion can be easily checked from the outside through the 
metal reflective film. Therefore, after a liquid crystal is 
injected from the injection portion of the sealing material 
into a portion between substrates, when operations of 
uprightly arraying a large number of substrates, 
sequentially injecting a resin into a large number of 
injection portions, and stopping up the injection portions 
are performed, the positions of the injection portions can 
be seen without being disturbed by the metal reflective 
films of other adjacent substrates. 

Therefore, since the positions of the injection 
portions obtained by resin injection can be correctly 
checked, the operation of stopping up the injection portions 
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can be easily and reliably performed. Since the resin 
filled in the injection portions can be easily checked from 
the outside of the substrates through the metal reflective 
films of the plurality of substrates, it can be easily 
checked by a visual check or an imaging analyzer such as a 
television camera whether the liquid crystal injection 
portions of the sealing materials can be completely sealed 
with resin, and defectiveness such as leakage of a liquid 
crystal in the liquid crystal sealing process can be 
prevented . 

Even if uneven injection or the like occurs in the 
liquid crystal injection process to cause defectiveness, the 
uneven liquid crystal injection can be easily checked before 
the injection portion is sealed with resin- Resin sealing 
is stopped, liquid crystal injection is performed again, and 
the injection portion can be sealed. For this reason, 
probability that the substrates in which uneven injection 
occurs are sealed with resin can be reduced. Defectiveness 
can be prevented from occurring, and an advantage that a 
yield is increased can be obtained. 

In addition, according to the present invention, drawn 
electrodes for display electrodes are formed on one side 
edge outside the display electrode forming region of one 
substrate, and the unformed portion of the metal reflective 
film is formed in the drawn electrode forming region. For 
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this reason, drawn electrode can be easily formed without 
being disturbed by the metal reflective film, and the 
terminals of a drive IC or the like can be easily and 
reliably connected. 

According to the present invention, since second drawn 
electrodes of one substrate and display electrodes of the 
other substrate are connected to each other through an 
electrode connection means of a sealing material, metal 
reflective films do not exist on the connection portions, 
and the connection portions can be easily formed. When a 
drive IC or the like is joined to the drawn electrodes, the 
connection portions can be easily checked without being 
disturbed by the metal reflective film. 

Outside the display electrode forming region on one 
substrate of the structure described above, an unformed 
region of the metal reflective film may be formed on a 
portion including an injection portion of a sealing material. 

Since the unformed region of the reflective film is 
formed on the portion including the injection portion of the 
sealing material, the position of the injection portion can 
be easily checked. Therefore, when operations of uprightly 
arraying a large number of substrates, sequentially 
injecting a resin into a large number of injection portions, 
and stopping up the injection portions are performed, the 
positions of the injection portions can be easily seen 
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without being disturbed the reflective films on the other 
adjacent substrates. For this reason, the injection 
portions can be easily and reliably stopped up by liquid 
crystal injection. 

A configuration characterized in that the unformed 
portion of the metal reflective film is formed in the drawn 
electrode forming region outside the display electrode 
forming region on one of the substrates may be used. 

The electrode connection means arranged on the sealing 
material is preferably constituted by conductive particles 
added to a resin constituting the sealing material. 

If the sealing material has a configuration in which 
conductive particles are diffused in a resin, one substrate 
and the other substrate are brought into tight contact with 
each other to sandwich the sealing material, so that the 
electrodes formed on one substrate and the electrodes formed 
on the other substrate can be connected through the 
conductive particles in the sealing material. 

Of conductive particles of the sealing material, 
conductive particles sandwiched by the electrodes of a pair 
of opposite substrates, i.e., conductive particles existing 
in the thickness direction of the substrates or the sealing 
material are sandwiched by the electrodes of a pair of 
substrates to be in contact with these electrodes, thereby 
electrically connecting the electrodes to each other. 



However, since conductive particles existing in the surface 
direction of the substrates are spaced apart from each other, 
the electrodes adjacent to each other in the substrate 
surface direction are not short-circuited. 

Therefore, the electrodes of the substrates which are 
opposite to each other in the thickness direction of the 
sealing material without short-circuiting the electrodes 
which are adjacent to each other in the surface direction of 
the substrates . 

In addition, when a structure in which an unformed 
region of a metal reflective film is formed is used, if 
conductive particles press and break through drawn 
electrodes and other films on the substrate to reach the 
inside of the structure, any problem that the metal 
reflective film and the drawn electrodes are short-circuited 
to each other is not posed because the metal reflective film 
does not exist on the portion where the conductive particles 
reach. 



WHAT IS CLAIMED IS: 



1. A liquid crystal display device comprising one 
substrate on which a metal reflective film is formed, the 
other substrate arranged opposite to the substrate, a 
sealing material, interposed between the pair of substrates, 
for surrounding, together with the substrates, a liquid 
crystal injection space formed between the substrates, and a 
liquid crystal sealed into the liquid crystal injection 
space, wherein 

a liquid crystal injection portion is formed on the 
sealing material, a plurality of display electrodes are 
formed on a substrate surface in a region in which the 
liquid crystal is sealed, and 

on one of the substrates, outside the display electrode 
forming region, an unformed region of the metal reflective 
film is formed on a portion including the injection portion 
of the sealing material. 

2. A liquid crystal display device wherein, on one 
substrate, on which a metal reflective film is formed, of a 
pair of substrates which hold a liquid crystal therebetween, 
drawn electrodes of the display electrodes are formed at the 
edges of the substrates outside a region in which a 
plurality of display electrodes are formed on substrate 
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surfaces in a region which holds the liquid crystal 
therebetween, and an unformed portion of the metal 
reflective film is formed in the drawn electrode forming 
region. 

3. A liquid crystal display device comprising one 
substrate on which a metal reflective film is formed, the 
other substrate arranged opposite to the substrate, a 
sealing material, interposed between the pair of substrates, 
for surrounding, together with the substrates, a liquid 
crystal injection space formed between the substrates, and a 
liquid crystal sealed in the liquid crystal injection space, 
wherein 

a liquid crystal injection portion is formed on the 
sealing material, a plurality of display electrodes are 
formed on a substrate surface in a region in which the 
liquid crystal is sealed, 

a first drawn electrode for a display electrode for one 
of the substrates and a second drawn electrode for a display 
electrode of the other of the substrates are formed at the 
edge of one of the substrates, 

electrode connection means is arranged on the sealing 
means, the second drawn electrode and the display electrode 
of the other of the substrates are connected to each other 
by the electrode connection means, and 



an unformed portion of the metal reflective film is 
formed in a region in which the second drawn electrode and 
the display electrode of the other of the substrates are 
connected to each other on the sealing material. 

4 . A liquid crystal display device according to claim 
3, wherein, on one of the substrates, outside the display 
electrode forming region, an unformed region of the metal 
reflective film is formed on a portion including the 
injection portion of the sealing material. 

5. A liquid crystal display device according to claim 
3, wherein, on one of the substrates, outside the display 
element forming region, unformed portions of the metal 
reflective films are formed in the first drawn electrode 
forming region and the second drawn electrode forming region. 

6. A liquid crystal display device according to claim 
3, wherein the electrode connection means arranged on the 
sealing material consists of conductive particles added to 
the region constituting the sealing material. 
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ABSTRACT OF THE DISCLOSURE 

The present invention has an object to provide a liquid 
crystal display device which, when a liquid crystal 
injection portion is sealed and stopped up with a resin, 
makes it possible to precisely and easily perform the 
operation and makes it possible to detect defective liquid 
crystal injection. The liquid crystal display device 
comprises one substrate on which a metal reflective film is 
formed, the other substrate arranged opposite to the 
substrate, a sealing material, interposed between the pair 
of substrates, for surrounding, together with the substrates, 
a liquid crystal injection space formed between the 
substrates, and a liquid crystal sealed into the liquid 
crystal injection space, and is characterized in that a 
liquid crystal injection portion is formed on the sealing 
material, a plurality of display electrodes are formed on a 
substrate surface in a region in which the liquid crystal is 
sealed, and, on one of the substrates, outside the display 
electrode forming region, an unformed portion of the metal 
reflective film is formed on a portion including the 
injection portion of the injection material. 
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FIG. 6A 
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POWER OF ATTORNEY: As a named inventor, I hereby appoint 
the following attomey(s) and/or agenl{s) to prosecute this 
application and trans-act al! business in the Patent and Trademark 
Office connected therewith (list nzma snd registration number} 

See Attachment A 



Send Correspondence to; 

Brinks Hofer Gilson & Lione 
P.O. Box 10395 
Chicago, Illinois 60610 
(312) 321-4200 



. SeattJSiift* = (s&ffl&lTOSS-S-) Direct Telephone Calls to: (na 





Takashi Date 




Inventor's signature Date 

^ Taj^cta Date May 31. 199 9 


im 


Fukushima-ken, Japan 


\m 


Japan 




Post Office Address c/o ALPS ELECTRIC CO., LTD. 

1-7 Yukigaya, Otsuka-cho, Ota-ku, Tokyo, Japan 






Full name of second joint invenlor, if any 

Toshiaki Hoshino 


!ti-1t-tsl&WX Btt 


Second inventor's signature Date 

Tfl^ttLCL&i H^tu.rlr> May 31, 199<> 




Residence 

Fukushima-ken, Japan 




Citizenship 

Japan 




Post Office Address c/o ALPS ELECTRIC CO., LTD. 

1-7 Yukigaya, Otsuka-cho, Ota-ku, Tokyo, Japan 





(Jf!HWr*<Oit|S)5&91*l--^'' v "C , LrSia5lC3eiSL. (Supply similar information and signature lor third and subsequent 

h Z h ) joint inventors.) 



ATTACHMENT A 



GuyW. Shoup 26,805 

Allan J. Sternstein 27,396 

Gustavo Siller, Jr. 32,305 

John C. Freeman 34,483 

William F. Prendergast 34,699 

Vita G. Conforti 39,639 

Mark H.Remus 40,141 

Steven G. Steger 40,185 

Tadashi Horie . 40,437 

Joseph F. Hetz 41,070 

Jason C. White 42,223 



.'if! " 



